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I. ABSTRACT
OBJECTIVE: Advanced solids NMR methods are being developed to improve the quality and
accuracy of NMR analysis of cod structure. Applications of these techniques are to be madein a
study of the differences between gas-prone and oil-prone coals. Coals known to be sources of

waxy crudes from Australia and Indonesiawill be compared to North American coas using artifi-
cia maturation.

WORK DONE AND CONCLUSIONS: Previous work in our laboratory developed arobust
solids NMR spectral editing method for separately acquiring **C solids NMR spectra of the CHs,
CH,, CH, and nonprotonated carbon fractions of coals and other organic solids. To achieve better
sengitivity in instances where sample sizes are small, i.e. kerogen concentrates, we extended our
protocols to higher field NMR operation and devel oped improved pulse sequences. Using spectral
editing data with improved sensitivity provided by our newer techniques, we are able to computer
fit the sub-spectral line shapesto afew constituent lines of fixed chemical shift and width. In this
manner we are able for instance to quantify the number of phenolic carbon centersin awhole
cod . During the last year we have also directed our efforts towards development of the first 800
MHz NMR spectrometer for solid samples. At this record field strength **C spectra can be ac-
quired in less than 100 scans for model compounds using only 10 milligrams of sample. This
greatly increased sensitivity will permit us to utilize solids NMR in a much wider array of chemical
investigations of organic source rocks, especialy where samples are limited in size.

SIGNIFICANCE TO FOSSIL ENERGY PROGRAM: Solids NMR methods we have devel-
oped and are refining provide a detailed quantitative accounting of the functional group distribu-

tions present in coals. Development of very high field solids NMR hardware will extend the appli-
cability of our methods to difficult to obtain samples such as single macerals and kerogen concen-




trates. Differences in molecular structure and mobility have been identified between gas-prone and
oil prone coals using our editing techniques.

PLANS FOR THE COMING YEAR: During the next year we will concentrate on develop-
ment of methods for very high field operation. At 800 MHz, magic angle spinning rates of over 24
kHz are required to suppress spinning sidebands in **C spectra of complex organic source rocks.
These high rates complicate dipolar decoupling of the abundant *H nuclei from the **C, aswell as
making cross polarization more difficult. Fortunately we have found solutions to these hurdles,
and in fact find that very high spin rates at high fields provides enhanced resolution in many ex-
periments. For instance, in 2 dimensional **C/*H correlation spectra taken at 800 MHz using sam-
ple spinning rates of over 20 kHz, we have been able for the very first time to resolve the *H lines
for magnetically inequivalent methylenesin rigid solids. This should prove useful in further inves-
tigation of the chemical structure of the mobile methylene component that we find is associated
with oil generation by certain coals.

Il. HIGHLIGHT ACCOMPLISHMENTS

- A new set of spectral editing methods which work well at higher NMR field strengths have been
developed.

- Computer fitting of edited CPMAS subspectra of whole coals demonstrates that a fixed number
of bands can be used to describe their complex *C spectra. This permits the most accurate possi-
ble spectroscopic delineation of the various functional groups present in coals.

- A study of the quantitative response of model compound mixtures to spectral editing techniques
has found that the editing techniques do not introduce any additional systematic quantitation er-
rors over those present in standard CPMAS NMR.

- A new NMR spectrometer has been developed for high resolution solids work at arecord field
strength of 18.9 Tesla (800 MHz for *H).
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